Only few studies examined the effect of diet on prospective changes in cardiometabolic (CM) risk factors in children and youth despite its importance for understanding the role of diet early in life for cardiovascular disease in adulthood. To test the hypothesis that dietary intake is associated with prospective changes in CM risk factors, we analyzed longitudinal observations of 448 students from 14 schools in Canada who were 10 to 17 years of age and followed for 2 years. We applied mixed effect regression to examine the associations of dietary intake at baseline with changes in body mass index (BMI), waist circumference ( 
Introduction
Type 2 diabetes and cardiovascular disease (CVD) are contemporary public health concerns both globally (Fuster et al. 2011; World Health Organization 2014) and in Canada (Canadian Diebetes Associaiton 2010) . Mortality resulting from CVD has declined in the past decades but remains the second leading cause of death in Canada (Statistics Canada 2012a , 2012b . In contrast, the prevalence of diagnosed diabetes has increased by 70% between 1998/99 and 2008/09 (Public Health Agency of Canada 2011). Type 2 diabetes and CVD are mostly consequences of increases in cardiometabolic (CM) risk factors including hypertension, hyperglycemia, excess body weight, dyslipidemia and insulin resistance (Leiter et al. 2011; Vanuzzo et al. 2008 ) which in turn are affected by diet, physical activity and other lifestyle risk factors.
Dietary recommendations for children and youth focus primarily on achieving nutrient adequacy for optimal growth by specifying the amount of macro and micro nutrients, food groups, fibre, (Persson 1984; Yang et al. 2012 ). He and MacGregor conducted a metaanalysis and concluded that salt reduction may be effective in reducing blood pressure (He and MacGregor 2006) . Other than sodium, consumption of fat, sugar, vegetables and fruit has been less studied with regards to its effects on CM risk factors among children and youth. In addition, D r a f t the limited existing studies among children and youth focused on overweight and blood pressure and less on abdominal obesity and insulin sensitivity (Bigornia et al. 2015; Riccardi et al. 2004 ).
Therefore, the importance of dietary factors for changes in CM risk among children and youth is not broadly established and in need of further studies.
The objective of this study was to investigate whether specific aspects of dietary intake are associated with prospective changes in CM risk factors in children and youth. We hypothesized that the dietary intake of vegetables and fruit, fat, fibre, milk, sodium and added sugar are associated with the development of cardiometabolic risk factors in children and youth.
Methods and Materials

Study design and population
This study was a secondary analysis of a 2-year prospective cohort study of physical activity and cardiometabolic health in youth, the Healthy Hearts study, with data collection in the school years 2008/2009, 2009/2010 and 2010/2011 . At baseline, this study invited 2189 students in grades 5 to 10 from 14 secondary schools of the Black Gold School District that includes both rural and urban schools located approximately 50 km south of Edmonton, Alberta, Canada (Forbes et al. 2012) . All students provided assent, and their parents or guardians provided signed informed consent. Participants completed a web-based 24-hour recall of dietary intake (Web-SPAN) (Storey et al. 2009 ), had measures of CM risk factors, and were given accelerometers to wear for 7 days. Because of the complex school schedules and limited resources, challenges with data collection scheduling did not allow all students to complete all measures at each of the baseline and follow-up visits. Students with at least one follow-up visit were included in the current analyses. As such, some students contributed one follow-up visit and others contributed two follow-up visits. After excluding individuals who reported an energy intake of ≤ 500 or ≥ D r a f t 6 5000 kilocalories (kcal) per day, a total of 448 students had complete dietary and physical activity data at baseline and had complete information of at least one CM risk factors at baseline and follow-up. Ethics approvals for the original data collection and the present secondary data analyses were obtained from the Human Research Ethics Board at the University of Alberta.
Exposure measures
Web-SPAN includes a validated web-based 24-hour diet recall to measure weekday dietary intake. The tool provides product images for more than 500 food items to assist in the judgment of portion sizes. It also provides cues for frequently missed food items such as toppings and beverages (Hanning et al. 2009; Storey et al. 2009 Canada 2011) . Other food components including total fat, added sugar, fibre, and sodium intake were expressed in grams. In selecting these food items we considered the availability of the dietary information, the recommendations of the United State Department of Health and Humen Services on optimum intake from these food groups for growing children (US Department of Health and Humen Services 2011), and their role as a risk factor of chronic disease (Johns et al. 2015; Odegaard et al. 2012) . All dietary components were standardized to calorie intake based on the average estimated energy requirement for Canadian boys and girls aged 10-18 years of 2400 kcal and 1900 kcal, respectively (Health Canada 2014).
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Outcome measures
The main outcome measures were Body Mass Index and waist circumference Z score. Secondary outcomes were systolic and diastolic blood pressure Z score and insulin sensitivity. Waist Circumference (WC) was measured in duplicate using a standard tape measure at the level of the iliac crest to the nearest 0.5 cm at the end of normal expiration according to guidelines established by McCarthy et al (McCarthy et al. 2001) . Clinical cutoffs used to determine abnormal levels were: waist ≥ 90th percentile for age and sex (Fernández et al. 2004 ).
Blood Pressure (BP) was assessed in triplicate at one-minute intervals and in the sitting position after students laid quietly on a portable bed for 5 minutes prior to measurements. Technicians or DBP of more or equal to the 90th percentile but less than the 95th percentile specific for sex, age, and height. In the current study in order to calculate the BP Z score a sex-and age-specific equation introduced by the National Heart, Lung, and Blood Institute was applied (National High
Blood Pressure Education Program 2005).
Insulin Sensitivity Score (ISS) was measured noninvasively using the 13 C glucose breath test.
This procedure has been validated in adults (Lewanczuk et al. 2004 ) and children (Jetha et al. 2009 ). The 13 C-labeled glucose mixture was ingested after an overnight fast and the incremental rise in 13 CO2 90 min after ingestion was used as an index of insulin-mediated glucose disposal (Mizrahi et al. 2010) . The 13 C insulin sensitivity score ( 13 CISS) was calculated as the difference in 13 C content between the baseline and the 90-min breath sample (Forbes et al. 2012 ). Higher ISS values indicate better insulin sensitivity.
Potential Confounders
Age, sex, year of participation in the study, baseline value of physical activity and BMI Z score (the latter except when analyzed as an outcome) were considered as potential confounders. Age and sex were only considered in our multivariable regression analyses with waist circumference and ISS as outcome variables since BMI and BP Z scores are standardized for age and sex.
Moreover, year of participation in the study was used as a confounder wherein SBP was the outcome variable due to adjusting for the significant drop in SBP in 2009. Physical activity (PA) D r a f t was measured using waist-mounted accelerometers over a period of 7 days (Actical: B101270-B101375; Respironics, Seattle WA). Raw PA counts were acquired in 15-second epochs and converted into minutes of PA using a specially designed software program (KineSoft) (Esliger et al. 2010) . Sequences of consecutive zero counts ≥60 min were considered non-wear and excluded from the analyses. Inclusion criteria for the final analyses were a minimum of 3 days of wear with at least 480 registered minutes (8 h (Colley et al. 2011; Comte et al. 2013 ). The sum of moderate to vigorous physical activity minutes (MVPA) was used in statistical analyses.
Data analysis
Independent samples t tests were used to examine the differences in CM risk factors between students with complete and students with incomplete information. Sex-stratified baseline characteristics of students were reported and the significant differences between two sexes were tested by independent sample t test or Mann Whitney U test for continues normally-or notnormally distributed variables, respectively. Categorical variables were analyzed using chi square test. We analyzed the repeated measurements in the five outcomes of interest (BMI, WC was conducted for each model to identify significant sex specific difference in the results. All analyses were completed using STATA (version 13, Stata Corporation, TX, USA). P-value <0.05 was considered statistically significant. Table 1 shows that participating students were on average 12.5 ± 1.6 years old, 21% were overweight or obese, 8.5% were abdominally obese, and 9.3% had hypertension or prehypertension. The majority of participating students were female (60%). Of all students, 55.5%
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had diets with added sugar contributing to more than 10% of calories and 32.8% with fat contributing to more than 35% of calories. The average consumption of vegetables and fruit (4.9 servings/day), milk (2.4 servings/day), and fibre (14.6 g/day) was less than the recommended intake. Of all students 47% reportedly consumed more than the recommended 2.3 g of sodium per day. Nearly 40% of the cohort achieved the recommended 60 minutes of moderate to vigorous physical activity daily. At baseline, DBP, ISS, sodium intake, fat intake, and MVPA were significantly different for girls and boys. DBP was higher whereas ISS was lower in boys in comparison to girls. Boys consumed more fat and sodium and more physically active compared to girls. These differences were statistical significant (Table 1) .
We observed no statistically significant differences in the SBP Z scores, DBP Z scores, BMI Z scores, and WC between the 448 students enrolled in our study and those 127 students with missing or incomplete information. ISS was higher among students with complete information compared to those with missing or incomplete information (16.8 ± 5.07 vs 15.2 ± 4.45, p < 0.01).
Univariate analysis did not reveal any statistically significant associations of dietary intake with SBP Z scores, DBP Z scores, BMI Z scores, and WC. Table 2 further shows that consumption of every additional 10 grams of total fat per day at baseline was associated with 0.38 decrease in ISS (p-value=0.001), however, this association was no longer statistically significant after adjusting for age, sex, physical activity, and baseline adiposity (data not shown in Table 2 ). Added sugar, vegetables and fruit intake, and fibre were not associated with any of the CM risk factors. Stratification of the above analyses by sex did not reveal any statistically significant associations likely because of the limited sample size. Likewise, interactions between sex and exposures did not reveal any statistically significant associations.
Discussion
This study of dietary intake and prospective changes in CM risk factors revealed several novel associations relevant to dietary recommendations for children and youth. Firstly, during the 2 years of follow-up of the study, we observed that higher intake of dietary fat was associated with increases in SBP, DBP and WC, and with decreases in insulin sensitivity. Secondly, we observed that higher intake of sodium was associated with increases in DBP. Further, we observed that some key dietary factors, specifically added sugar, and vegetables and fruit, were not associated with CM risk factors in childhood and adolescence. We observed that the prevalence of 9.3% for pre-hypertension and hypertension in this cohort of students which is substantially higher than the national average of 3.7% (Statistics Canada 2014).
This may be related to the high sodium intake as a key determinant of blood pressure. We confirmed the existence of the role of sodium for prospective changes in DBP in the present study which seems consistent with findings from epidemiological studies that showed that children with a higher salt intake have a higher systolic (Yang et al. 2012) or diastolic (Persson 1984 ) blood pressure or both (He and MacGregor 2006) . It remains unclear whether salt has a differential effect on systolic and diastolic blood pressure. We also observed that, in addition to sodium intake, dietary fat intake was associated with increases in SBP and DBP. This Roberts et al. 2012) . We also observed that dietary fat intake was associated with a prospective increase in waist circumference. Although cross-sectional studies have shown an association of dietary fat intake with obesity and CM risk in children and youth (Maffeis et al. 1996; Nguyen et al. 1996; Raj and Kumar 2010; Stallmann-Jorgensen et al. 2007 ), the influence of dietary fat on changes in abdominal fat has not been previously reported for children and youth. Therefore, fat content of the diet is important to both abdominal obesity and blood pressure in childhood and adolescence.
Insulin resistance is an established risk factor for type 2 diabetes, cardiovascular diseases, and other metabolic conditions (Bremer et al. 2009; Kynde et al. 2010 ). Our univariate analysis indicated a reverse association of total fat intake and ISS. Although other studies reported similar results (Riccardi et al. 2004; Vessby et al. 2001) , our multivariable analysis revealed associations that were no longer statistically significant. This latter may be an issue of sample size or length of follow-up. Several mechanisms have been suggested for the relationship between high dietary fat intake and decreased insulin sensitivity. High dietary fat consumption may incur obesity and herewith insulin resistance or may affect fasting hyperinsulinemia directly (Mayer et al. 1993) .
Also, the type of fatty acids in cell membranes could affect insulin action by changing insulin receptor binding, affinity, ion permeability and thereby cell signaling (Riccardi et al. 2004 ).
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Strengths and limitations
The current study has several strengths, including a relatively large sample of children and youth, followed for two years with diets reportedly similar as the national average. We also acknowledge study limitations. Dietary intake was assessed using a single 24-hour recall on a weekday which may not provide the best estimates of usual dietary intake. Although the 24-hour recall tool had been validated and had shown good agreement with respect to total energy intake, macronutrients and key micronutrients compared to dietitian-administered 24-hour recall (Minaker et al. 2006 ), a single assessment has limited external validity and may not well represent usual dietary intake throughout childhood (Bingham 1991) . This may have been the result of the fact that our web-based tool provided images of portion sizes. Another limitation is the short follow-up of youth. One or two years of follow-up may not be sufficient to detect significant changes in CM risk factors and therefore limit the ability to detect associations. The use of the 13 C breath test may not been validated extensively with the gold standard clamp technique in this age group, yet, it provides a useful noninvasive assessment of insulin sensitivity (Lewanczuk et al. 2004) . We also acknowledge limitations resulting from residual confounding and study bias. Though we had shown that those who were lost to follow-up or who withdrew from the study were not different from those who retained in the study, we may not exclude the existence of selection bias. Furthermore, we had trained our interviewers and made use of standardized protocol and questionnaires, however, we should not exclude the existence of some information bias. Finally, we acknowledge that recall bias is an inherent limitation of dietary research.
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Conclusions
In this group of children and youth, we observed that dietary fat intake was associated with unfavorable prospective changes in SBP, DBP, WC, and ISS in the relatively short observational period of two years. Additionally, sodium intake was associated with a prospective increase in DBP. Public health implications of these findings include the continuation of the general recommendation of reducing dietary fat and sodium intake along with existing recommendations to increase physical activity among children and youth to reduce their future risk for type 2 diabetes and CVD. Implications in terms of research include the need for longitudinal studies with longer follow-up to better capture the importance of dietary intake for the development of CM risks factors.
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